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CTPYKTYPA COBPEMEHHOIO NPOU3BOACTBA SHEPIA
B KOHTEKCTE NOBAJIbHOIO NOTEMNJIEHUA

I0O. A. Cano
UHCcTuTYT BOAHBbIX npobsiem Cesepa KapHL| PAH

OOHOM U3 BaXKHENLLIMX 3KONOTrMYecKkux npobnem
COBPEMEHHOCTM, BbIXOAALLMX 32 PaMKW OTAESNbHbIX
CTpaH W PernoHoB, aABAsgeTcs npobnema rnobdasb-
HOro namMeHeHus knumarta. B Havane 2001 r. 6bin
onybnukoBaH TpeTuii OT4YET, NOoArOTOBJIEHHbIN
MexXnpaBuTeNbCTBEHHOM FPYMNMNON 3KCMEPTOB MO
n3meHeHumio knumata (Intergovernmental Panel on
Climate Change, IPCC), B KOTOpOM cogepxaTtcs
Hay4YHO 060CHOBaHHbIE haKTbl rNOOaNbHOro NoTen-
JNIeHns1, naHa 0ObEKTMBHAs KapTuUHa HaboaaeMbIX
M3MEHEHUIN KIMMATUYECKON CUCTEMbI 3emMnn un
NPOLLECCOB, UX BbI3blBAKOLLMX. [TOMUMO NPUPOAHBLIX
konebaHuin KnuMmara, B Ka4ecTBe OHOWN N3 NPUYMH
3aMEeTHOro MoTeNJIEHNs!, NPOOOIKAOLLEroCs CO
BTOPOW MOA0BUHBLI XX B., 9KCMEPTbI HAa3bIBAKOT yBE-
nnyeHne BbIOBPOCOB NapHKKoBbIx rasos (CO,, me-
TaH, 3aKncb as3oTa, rekcapTopui cepbl, METaH n
Op.) TEXHOreHHOro npoucxoxaeHusi. KoHueHTpa-
LSt BCEX MapHMKOBbIX ra30B ObICTPO YBENNYMBAET-
Csl, a KOHUEeHTpaums B aTMocdepe anokcuaa yrne-
poAa B HAaCTOSILLIEE BPEMS BbiLLE, YEM B NI0OO ApY-
rov nepuog, 3a nocnegHue 420 000 net (CnepaH-
ckas, 2001). Mo gaHHbIM IPCC, KOHUEHTpaLMS yr-
nekmcnoro raza B atmocoepe 3a nepmog c 1750 no
2000 r. ysenuumnacb Ha 31%; CKOpPOCTb yBeNuye-
HMS nNpun aTomM cocTtasuna 0,4% B rog B Te4yeHme
OBYX nocnegHux gecatunetmin, a B 90-x rm. — Ha
0,2-0,6% (Climate Change, 2001). MNMpumepHo ¥
aHTponoreHHon amuccun CO, B TeueHne nocnes-
Hux 20 NeT 06YCNOBNEHO CXMUIaHMEM MCKOMAeEMOro
TOonMBa, OCTajlbHas 4aCcTb 3MUCCUM CBsi3aHa C
NPOMBbILLUIEHHBIMKW  MpOLleccaMn, N3MEHEHMEM
3eMJs1enosib30BaHMst 1 OCOBEHHO C COKpaLLLEHNEM
niowaam necos.

CoBpemeHHas mmpoBasi cmctema npon3BOACT-
Ba 1 NOTpebneHns aHeprm 6asnpyeTcs Ha UCKO-

64

naemMblx 9HeproHocuTensx. o4yt Bce Npon3Boa-
CTBO 3JIEKTPOSHEPINM OCHOBLIBAETCH HA UCMOJSIb-
30BaHNUM HEBO30OHOBISIEMOr0 YrneBoaopPOAHOro
TONAMBA WUAN €ro NPOu3BOAHbLIX (HEPTb N HedpTe-
NPOAYKTbl, MPUPOAHbLIN rad, yronb). CtpaTternye-
CKM BaXKHOW 3agadeit B 06/1aCTU SHepreTnkm co-
BPEMEHHOI0 Neproaa 1 Ha NepcrnekTUBy ABNSETCS
obecnevyeHne 3KOHOMUYECKOro pa3BuUTUS Ha 0-
6aflbHOM, PernoHaabHOM N NOKaIbHOM YPOBHSIX HA
ocHoBe 3P PEKTMBHOIO, HAAEXHOro 1 6e30nacHo-
ro 9HepProcHabXXeHNs NP MUHUMaIbHbIX 3aTpaTax
Ha NPou3BOACTBO, NpeobpasoBaHne, TpPaHCMop-
TUPOBKY, NOTPebeHne SHepProHocCHUTeNen, a Tak-
Xe MPUeMNeMoro YpoBHS TEXHOTEHHOIro BO3Oel-
CTBMS HA OKpYXXatoLLyo NpupoaHyto cpeny (Mame-
HeHne knumata..., 2001). dkcnepTbl IPCC nayyanu
BO3MOXHOCTW MNOCNeACTBMIA UBMEHEHUNS KNMaTa,
HanpaB/ieHHble, B MEePBYIO 04epPenb, Ha OrpaHuye-
HVE aHTPOMOreHHOM 3MUCCUN MaPHNKOBbLIX ra30B.
BblNo ycTaHOBNEHO, 4YTO Hambosnee BaXXHbIMU Me-
pamu SBISIIOTCS NOBblILLEHME 3HEProaddOEeKTUBHO-
CTn, 9P PEKTMBHOE NCMNOMb30BaHNE MPUPOAHOro
rasa, a Takke MCnosib30BaHME NCTOYHMKOB 3HEP-
rn, cogep>XaLimx HU3KY KOHLUEHTPaLMIO yrnepo-
0a, Hanpumep, Guomacchl Unu Apyrux BUAOOB BO-
300HOBJIIEMbIX UCTOYHNKOB 3Heprum. CovetaHme
Takmx mep MmoxeT K 2020 . NpnBECTU K €XXKErogHO-
MY COKpPaLLLEHWIO aHTPOMOreHHOW 3MUCCUM NapHU-
KOBbIX ra3oB B pa3mepe 3,6—5 Mmapa T B yrnepog-
HOM 3KBMBaneHTe, 4To coctasndeTr 43-60% co-
BPeMeHHbIX BblOpocoB (CnepaHckasi, 2001;
Climate Change, 2001).

MpakTnyeckn BCS UCTOPUS Pa3BUTUS LUBUIN-
3auumm cBsi3aHa C OCBOEHMEM 3HEPIUN U HEYKIIOH-
HbIM POCTOM 3HepronoTpebneHus. ViIMeHHo Gna-
rogapsi CrnocobHOCTM nosyyaTb, Npeobpas3oBbl-



BaTb M MPUMEHSATb BO BCEX OTpaAC/saX maTtepuarb-
HOro NPOM3BOACTBA 3HEPrvio PasnMYHOro Bmaa
4yesIoBEYECTBO BLILLIO HA 3Tan B LENOM YCTOMYN-
BOr0 pOCTa Ka4yeCcTBa XM3HWU, OCBOEHUS NPOCTPaH-
CTBa, B TOM 4MUCJIE OKOJIO3EMHOI0, Pas3BUTUS HO-
BbIX TEXHOMOMMIM Npon3soacTea. C Hayana MHAyCT-
puvanbHOro nepuoda YUCIIEHHOCTb HaceneHus
3emnn HeENVHENHO Bo3pacTana, NpuUyem aToT Npo-
LLecC conpoBoXaasncs ewe 605iee MHTEHCUBHBIM
pPOCTOM MNPOM3BOACTBA U MOTPebNeHUss aHeprumn
NpPW NOCTOSIHHOM YBEJIMYEHUN BbIOPOCOB MapHU-
KOBbIX ra30B TEXHOMEHHOr0 NMPONCXOXAEHUS B aT-
mocoepy (puc. 1, 2).

M3meHeHus cpenHernobanbHON MpPU3eMHON
TemMnepaTypbl BO3ayxa 3a MNepuod WUHCTPYMEH-
TaNlbHbIX HabNAEHN N OCOOEHHO B MocneaHue
necatmnetmna XX B. akcneptbl IPCC cBa3biBaloT €

PE3KMM YBESIMYEHUEM 3MUCCUM MAPHUKOBLIX ra-
30B (puc. 2). Takum obpasom, cnocobbl Mpom3s-
BOACTBA 9HEPrnm, KOTopble pa3BMBaIMCb Ha Mpo-
TKeHUn XIX—XX BB., BO MHOIroM criocob6cTBoBaim
@HTPOMNOreHHbIM U3MEHEHMSIM KIMMaTa, B HaCTHO-
CTU, rMobasbHOMY NOTEMIEHNIO.

Kak cnenoyet mn3 CHOXMBLUEACS CTPYKTYpb
(Tabn.), OCHOBHbIM WCTOYHMKOM MNPOU3BOACTBA
3HEPrnn SBNSIeTCS UckornaemMmoe TonMBo — HEPTb,
NPUPOAHbLIN ra3 n yronb (94% cymmapHon Bbipa-
O0TKM 3NeKkTpoaHeprun B Poccum n okono 65%
BCEN Npon3BOANMOW B MUPE), TOrOa Kak Ha OO0
3KOJIOMMYECKM YNCTbIX NpMpoaocbeperanLmx pe-
cypcoB npuxogutcs He 6onee 1,5% kak B Poccum,
Tak n B Mmpe B uenom (MameHeHme knumara...,
2004). Mpwn 3TOM TEXHOMOMMNSA NOAYHEHUS 3HEPTUN
OT CXWUraHusi MCKOMaeMblXx BUOOB TOMJMBa He
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Fig. 2. World CO, emission from fossil fuel consumption and cement manufacturing
(in million metric tons) and 10-year averaged global air temperature (°C)
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SIBNSIETCA ONTUMasIbHOM B CMbIC/e pecypcocbepe-
XEHUS 1N BbIOPOCOB BpeaHbIX BELLECTB B aTMOCcde-
py. B kauecTBe npumepa Ha puc. 3 nokasaHa Tex-
HosorMyeckas Lenoyvyka nponsBoacTBa 31eKkTPo-
3HEpPrn Ha Tenao0BOM aNeKTPOCTaHUMM 1 nepena-
4ym ee K NoTpedbuTento. I3 ogHoro KnnosatTa aHep-
rMun, KOTOPYIO NOTEHLMANIbHO MOXHO MNOYy4YUTb NpU
CXUraHUn yrns, K noTpedbutento AoXoaAnT Nullb
0,015 kBT, uto coctaBndeT 1,5% OT NOTEHUMbHOW
3HEpPrum ucxogHoro konumyectsa Tormnmea. Oc-
TanbHble 98,5% pacxoayloTcs Ha NpsiMble BbIOPO-
Cbl MPW CXWUraHuM, Ha MexaHu4yeckue notepu B
TYpOUHE N 3NeKTPOoreHepaTope U Ha anekTpuye-
CKMe MoTepu Npu nepenadye anekTpPo3Heprum rno
npoBogam K noTpebuTersnto.

NCTOYHUKN NMPON3BOACTBA SJIEKTPO3SHEPT N
B POCCVW 1 B LIEJIOM OJ1A 3EMHOTIO LLIAPA, %

McTOYHUK Poccusa (2005r.) | 3emHon wap (2000 r.)
Hed1b 29 9,3
MpupoaHbI ras 51 17,5
Yronb 14 37,8
A3C 3 15,8
rac 1,5 18,2
Mpoune 1,5 1,4
Bcero 100 100

Combustion
ioss 10% ?;”se:%‘&r Pk
Steam 5
A ﬁ . I . : . Electricity
Turbine transmlssmn
loss 60% loss 10%
1 kWh 0.9 kWh 0.32kWh  0.015 kWh
Punc. 3. SHepretuyeckas cucrtema ans obecneyeHus

anekTpoocselleHns (Rydén et al., 2003)

Fig. 3. An energy system for provision of the service
electric light (Rydén et al., 2003)

B Gnuxanwem Oyayuwem HeOBXOAMMO KOPEH-
HbIM 00Pa30M N3MEHUTb CTPYKTYPY NPON3BOACTBA
3HEprMm B CTOPOHY Pas3BUTUS TEXHOJSIOMMIA, WUC-
NoNb3YyLWNX BO30OHOBNSIEMbIE UCTOYHUKN (U3-
MeHeHune knumara..., 2004).

OHeprunsa seTpa

BonblWMHCTBO 6eperoBbiX 30H U OCTPOBOB B
MOpPSIX, OKeaHaX M KPYMHbIX 03epax UMEeKT 3Ha4un-
TeNnbHble BeTpopecypcbl. Ce30HHbIe KonebaHus
CKOPOCTW BETPa 1 UX MakCUMasibHble BEINYUHbI —
OCHOBHble (aKTopbl, CAepXuBaloLlmMe B HacTOs-
Liee BpeMs pasBuTMe 3TOro UCTOYHMKA SHEpPruun.
CoBpeMeHHble KOHCTPYKLWM BETPO3HepretTmnye-
CKMX YCT@HOBOK paccuymMTaHbl Ha 3Kcnjayatauuio
npu ckopocTax BeTpa 4-30 m/c.

OHeprua ConHua

B ocHOBHOM npsimMas conHe4yHasa pagnaums uc-
NnoJsIb3yeTCd ANid Harpesa (I'IOJ'Iy‘-IeHI/Ie ropsiyen Bo-
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Obl B FTEIMOKONNIEKTOPAX, OTOMIEHNE MOMELLEHWNIA).
Yxe CyLlecTByeT 60bLLOE KOMYEeCTBO CNOCcoboB
ynaBJInBaHNA, KOHLUEHTpaunnm m I'IpeO6p83083.HMFI
COJIHEYHOW 3HEPIUN.

ConHeyHble HaTapewn

KoadpPumumeHT nosesHoro AencTBust coBpe-
MEHHbIX CONHe4YHbix OaTapei (CB) cocrtaBnser
Bcero 10-15% npn OTHOCUTENBHO BbICOKOW CTOU-
MOCTU MNPOU3BOACTBA COJIHEYHbIX 3JIEMEHTOB.
(YoeonTtbca npaktunyecku B adpdektmBHoctn Cb
MOXHO C MOMOLLbIO HECJIOXHOIO 3KCMepUMeEHTa,
onmncaHne KOTOPOro AaHo B MPUIIOXKEHUN B KOHLLE
ctatbn.) OdpdekTnBHocTb Cb pesko cHuxaeTcs
NPW CHUXEHUM OCBELLIEHHOCTHU, N3-3a 00J1a4HOCTH
1 B HOYHOE BPEMSI.

OHeprmsa BOMH

BonHoBasi MOLLIHOCTb MMPOBOIO OKeaHa OLLeHU-
BaeTca B 2,7 mnpa kBT, yto coctaeBnaet 30% no-
Tpebnaemon B Mupe aHeprum. PaspaboTaHbl 1 B
HEebOoNbLUMX O0ObeMax MPUMEHSIIOTCA TEXHONOrnu
MCMNONb30BaHNSA SHEPIrNM BOJIH B MecTax Lenbdo-
BOM 30HbI. OQHON N3 TakMX TEXHOJIOIMI ABNSIETCSH
Nnoslyd4eHne 3NeKTPOIHepPrum Ha NPUINBHbLIX TUA-
PO3NEKTPOCTAHLMSAX.

bBunomacca n 6uoras

OHeprusi, ocBobOXaAaemas B pesynbrate Tex-
HOMOrnYeckor nepepaboTKn pPasfIMYHbIX BUOOB
6uomacchl, HasbiBaeTcsa OuoaHeprmen. OO
exerogHbl npupocT Guomacchl Ha 3emse — 0koJ0
130 mnpa T cyxoro matepuana, npu nepepaboTtke
KOTOPOro MOXHO Nony4nTb okono 660 000 TBT-Hac
OnosHeprmun. brnoraz obpasyeTcsa npu peakuum
OPOXEHNST OPraHNYecKnX yaoobpeHunii, ObITOBbIX 1
NPOMBbILLIEHHbIX 0TX0A0B. Micnonb3oBaHmne buora-
30BbIX TEXHONOrMI Npu nepepaboTke OpraHunkm
MOXET He TOJbKO MOJIHOCTbIO YCTPAHUTb ee 3KOJ10-
rMYEeCKyl0 OMNacHOCTb, CBA3aHHY C BblOENIEHVNEM
NapHMKOBOrO ra3a — MeTaHa, Ho 1 eXXerofHo rnoJsy-
4yaTb AOMNOSHUTENBHO 95 MJIH T YCIOBHOrO TOM/MBa
(nnun, cxuras 6uoras, okono 190 mnpa kBT-vac
3NEKTPO3HEpPrum), NackaTomy —o6onee 140 MnH T
BbICOKO3(MDPEKTUBHbIX YA0OPEHNIA.

KOM6MHMpOBaHHbIe MCTOYHUKMN

BonbLLOi MHTEpPEeC BbI3bIBAOT UHTErPUPOBAH-
Hble€ CUCTEMbI MOJIy4EHNSI 3HEPTUN OT BO30OHOBU-
MbIX UCTOYHMKOB. Hanpumep, o6beauHss BETPO-
3HEPreTMYeckyld YCTaHOBKY M COJIHEYHYIO OaTa-
peto B 0HY CUCTEMY, MOXHO MOJly4aTb 3NEKTPo-
3HEPruo Kak B 0E3BETPEHHYIO COJIHEYHYIO Noroay,
Tak 1 B NAaCMYPHYIO BETPEHYIO, a TakXe HouYblo. B
KayecTBe npumMepa Ha puc. 4 nokasaHa KOMOUHU-
pOBaHHas ycTaHOBKA Masion MOLLHOCTM B 4. Curo-
BO (3aoHexbe).



Puc. 4. KombruHnpoBaHHasi BETPO3HEPreTnuyeckas v conHe4vHas yctaHoBka (poto M. C. borgaHoBoW)

Fig. 4. Integrated wind power and solar energy installation (photo by M. Bogdanova)

OcCHOBHbIMW NpobBremMamMun, caepPXuBaloLLMM
LUMPOKOE BHEOpPEHNE BO30OOHOBASEMbIX UCTOYHN-
KOB 3HEeprumn n aHeprocbeperaoLLmx TEXHONOr N B
Poccun, B yactHocTu, aensiotca (M3meHeHne knn-
marTa..., 2001):

— HecbanaHcKpoBaHHasi CTPYKTypa LLeH Ha op-
raHm4yeckoe TOMJIMBO;

— OTHOCUTENBLHO BbICOKAsA CTOMMOCTb Cneumab-
HOro oBGopyaoBaHWS O/ UCMOJIb30BaHUSA BO300-
HOBNSIEMbIX MCTOYHUKOB, onpegensemMasi npenmy-
LLLECTBEHHO MENIKOCEPUNHBLIM €ro MPON3BOACTBOM,;

— OTCYTCTBME O0CTyrna LUMPOKON OBOLLEeCTBEH-
HOCTU K MHpOPMALLMM O TEXHOIOTUAX NCMONb30Ba-
HUS1 BO3OOHOBJ/IIEMbIX UICTOYHUKOB SHEPInK;

— OTCYTCTBME NOOAEPXKKU, B TOM YMCNe 3ako-
HoOoaTenen, pa3BuUTUs HETPAOMLIMOHHON 3Hepre-
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TUKN Ha rocydapCTBEHHOM U PEervoHaibHOM
YPOBHSX;

— HegocTaToYHas 0CBEOOMJSIEHHOCTb XO34MUCT-
BEHHbIX PYKOBOOUTESNEN, B TOM 4YUC/E YaCTHbIX
npeanpuHMMaTene, ropoackoro 1 Cenbckoro Ha-
ceneHus 0 BO3MOXHOCTAX 1 MPenMYyLLLeCTBaxX UC-
NMosib30BaHNUS  BO30OHOBMAAEMbIX  WUCTOYHUKOB
aHeprum.

PelueHve aTnx npobaemM no3BoAUT B KOHEYHOM
nTore gobuTbCca cTtabunnaauum, a 3aTemM CHUXe-
HWS @HTPOMOreHHOr 0 BANAHUS Ha MPUPOAHbIE 3KO-
CUCTEMbI Ha JIOKaSIbHOM, PErnoHasibHOM W [0~
BanbHOM ypoBHAX. Heo6X0AMMO NOMHUTBL, YTO OT-
BETCTBEHHOCTb 3a rnobasnibHOe NoTernieHne NexuT
Ha 4enoBeYecTBe M OT Hero 3aBUCUT YCTOMYMBOE
CyLLIECTBOBAHME Hallel NnnaHeThbl.

Intergovernmental Panel on Climate Change / Eds.
B. Metz et al. Publ. IPCC, Cambrige Univers. Press.,
2001.752p.

Photovoltaic Pyranometer for the measurement of
solar radiation (User’s guide). SolData, Denmark, 2003.
17 p.

Rydén L., Migula P., Andersso M. Environmental
Science. Understanding, protecting, and managing the
environment in the Baltic Sea Region. A Baltic University
Publication. Almqvist & Wiksell Tryckeri Print., Uppsala,
20083. 824 p.

World Resources 1998-99. A Guide to the Global
Environment. Environmental Change and Human Health
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MPUJIOXKEHWE

Mpy HanMuMM CcoJsiHeYHoW 6aTtapen U MUHK-
ManbHO HeobxoaAMMOoro Habopa M3MEpPUTESbHbIX
NPrBOPOB MOXHO MPOBECTUN HECIIOXHbI 3KCNepu-
MEHT MO MNPakTU4ecKon oueHke 3PPEKTUBHOCTHU
npeobpa3oBaH1s COSIHEYHOM IHEPTUN B SNEKTPU-
YeCKyl0 C MOMOLLbID COBPEMEHHbLIX COJIHEYHbIX
3/1IeMEHTOB. B Kypce 3K0norm4eckoro npoceetLle-
Hua NBIMC KapHL, PAH 1 B ne€THUX 3KONOrM4eCKnx
narepsix Mbl ICNOJIb3yEeM KPEMHUEBBLIE COJTHEYHbIE
anemeHTbl CB-6, KOTOpbIE MMEIOT HOMUHANBHOE
BbIxOQHOE HanpsxkeHwe 6 B npu Toke 0,25 A un
MoLLHOCTb 1,5 BT npn HOpMasibHOM OCBELLEHHO-
cTu. Mpu 06beOVHEHUM YETBIPEX TAKMX 3JIEMEHTOB
B OaTapeto AoCTUXMMA MOLLHOCTL 6 BT.

Ona npoBeneHus akcnepumMmeHTa Heobxoau-
Mbl: CONHeYHas OaTtapes, nupaHomeTp (doTo-
ANEeKTPUYECKNIA NPUBOP AN UIBMEPEHUS CyMMap-
HOW, MPAMON NN PACCEeAHHON CONIHeYHOW paamna-
LMn), BONbTaMnepMeTp C Nnpeaenamm uaMmepeHuns
NOCTOAHHOro HanpsxeHus 20 B 1 NOCTOSIHHOro
Toka 1 A.

B Halmx n3MepeHusx Mbl MPUMEHSN CONMHEY-
Hyto 6aTapeto 4CB-6, cocTaBEHHYIO U3 YeThIpex
anemeHToB CB-6; nupaHometp SolData (puc.) u
umdbposom amneponsTMeTp DT-709.

BbinonHeHne namepeHuin n pacHet Koadpohuum-
€HTa MNone3Horo OeincTBUS CONMHe4YyHoU Gartapeu
NPON3BOAAT B CNeAyloLLEM NOPSIAKeE.

Pyranometer

ST
o Usor °F
Lr

Woltampetmeter

solar panel

ConHeuvHas 6atapes 4Cb-6 (1), nupaHomeTp SolData (2) n cxema sKCnepuMeHTasIbHON YCTaHOBKM

Solar battery 4Cb-6 (1), piranometr SolData (2) and the experimental system installation cirquit
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BHavane onpenensioT cymmapHyk nowanb
KPUCTaNNIOB UCC/IEQYEMON COJHEYHOW Gatapeun
Sgs B M

YcTaHaBnMBaloT CONHEYHYIO GaTapeto 1 nupa-
HOMETP NeprneHaMKYNSPHO HaNpaBleHWto naaato-
LUMX COJIHEYHbIX Jly4elt; ans 3Toro nydule 3akpe-
NUTb NMPAHOMETP Ha OOHOW NNacTUHE C COJIHEY-
HoW BGaTapeeii.

MopxnioyatoT K NMPaHOMETPY aMnepBOSITMETP
N 13MepSIoT HanpsxeHne Uy, B MUIIMBOJLTAX.
Ina kaxgoro nupaHometpa SolData npu ero naro-
TOBJIEHUM ONPEeneNnsT N ykasbiBaloT B nacrnopre
nprdopa NnepexoaHbli KOAPPULIMEHT OT HanpsixXe-
HUS K BEJIMYNMHE MOLLHOCTW Nafatollero CosiHeu-
Horo nanyyeHusa (K). Ons nmerowerocs B Halem
pacnopsixeHun npubopa K= 131 mB/(kBT/Mm?).

Hanee no popmyne

Pso, = 1000 - K- Uy
BbIYNCNAOT MOLLHOCTb COJIHEYHOIO WU3JyYeHus
(BT/m?). BenuumHa P, nokasbiBaeT, kakoe KOsin-
4eCTBO COJIHEYHOI aHepruu nagaeT Ha 1 M2 no-
BEPXHOCTU. oCKOMbKy Nfolanb Hallen CosHeu-
Hov Gatapeun S , He paBHa OLHOMY KBaApaTHOMY

MeTpy, HeoGX0AMMO OMpPenesinTb MOLWHOCTL P,
nagaroLLyto Ha GakTUYECKYHo NMoLLaab CONHEYHOWN
GaTapeun:

PSOL.1 = PSOL' SSB’
npun 3TOM, Kak ykasaHo Bbllwe, niowaib S, A0/K-
Ha BbITb BbIpaXxeHa B M2,

3aremMm amnepBOSILTMETP MNOAK/OYAT K COfl-
He4Hon Gatapee 1 N3MepsIoT HanpsxxeHne Uy, (B
BOMbTAx) 1 cuiny Toka lg, (B amnepax). CooTBeTcT-
BytOLLLAS 3/1EKTpUYEcKas MOWHOCTL Py, (B BaTTax),
KoTopas BblpabaTbiBaeTcs baTapeen Npu JaHHOM
OCBELLEHNN, paBHa

PSB = Usa' ISB'

KoadpduumeHT nonesHoro AencTeuns ng,, KOTo-
pbii 1 xapaktepmndyeT apdEKTUBHOCTb AAHHOIO
Tuna CoJIHeYHbIX BaTapeli, BbluMcaseTcsa no eop-
Myne

Ngg = PSB / PSOL.1 -100%.

MpakTnyeckne n3mepeHus, BbIMOJIHEHHbIE Ha-
Mu netom 2008 . B akonornyeckom narepe «Ka-
nunco» (Bogno3epckuin HauMOHaNbHbIV NAapk), No-
Kasanu, 4To KO3PPUUMEHT MOMESHOro AENCTBUS
6atapen 4CB-6 HeBblcokmin, nopsaka 11-15%.

MODERN ENERGY PRODUCTION STRUCTURE
IN THE CONTEXT OF GLOBAL WARMING

Yu.

A. Salo

Northern Water Problems Institute, Karelian Research Centre

One of the biggest environmental problems of
today, reaching beyond the borders of individual
countries and regions, is global climate change.
Early in 2001, the Third Assessment Report of the
Intergovernmental Panel on Climate Change
(IPCC) was published. It contains scientific facts
about global warming, presents an unbiased
overview of the changes occurring in the Earth’s
climate, and the processes inducing them. Experts
believe another reason for substantial warming
underway since the second half of the 20™ century,
in addition to natural climate fluctuations, is growing
emissions of man-made greenhouse gases (CO,,
methane, nitrous oxide, sulphur hexafluoride, etc.).
The concentration of all greenhouse gases is
growing rapidly, and carbon dioxide concentration
in the atmosphere is now higher than anytime else
over the past 420 000 years (Speranskaya, 2001).
According to IPCC, CO, concentration in the
atmosphere increased from 1750 to 2000 by 31%;
the increase rate was 0.4% per year over the past
two decades, and 0.2-0.6% —inthe 1990s (Climate
Change, 2001). Some % of anthropogenic CO,
emissions in the past 20 years came from fossil fuel
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combustion, the rest was due to industrial
processes, changes in land use and, particularly,
forest shrinkage.

Today, the global energy generation and
consumption systemrelies onfossilfuels. Electricity
production is nearly totally based on utilization of
nonrenewable hydrocarbons or their derivatives
(oil and oil products, natural gas, coal). A task of
strategic importance in the energy sector is to
ensure economic development at the global,
regional and local levels based on effective,
unfailing and safe energy supply with minimal costs
of its generation, conversion, transfer and
consumption, as well as with an acceptable level of
environmental impact (Climate Change..., 2001).
IPCC experts investigated potential scenarios of
climate change, mainly focusing on the ways to
reduce anthropogenic emissions of greenhouse
gases. The measuresrecognized as mostimportant
formitigationare enhancement of energy efficiency,
efficient utilization of natural gas, as well as
utilization of low-carbon energy sources such as
biomass or other renewable sources. If these
measures are combined, reduction of yearly



greenhouse gas emissions may reach 3.6-5 bin.
TCE by year 2020, i.e. 43-60% of current emissions
(Climate Change, 2001; Speranskaya, 2001).

Nearly the whole history of civilization is
connected with mastering of energy and persistent
growth of energy consumption. It was owing to the
ability to derive, convert and apply energy of
different kinds in all sectors of material production
that humankind has reached a phase of relatively
steady improvement of the living standard,
colonization of spaces, including near-Earth space,
development of new technologies. Human
population of the Earth has been growing non-
linearly since the onset of the industrial period, and
the process was accompanied by even more
intensive growth of energy production and
consumption, and by constant increase in
greenhouse gas emissions (Fig. 1, 2).

IPCC experts attribute changes in mean global
surface air temperature over the period of
instrumental measurements, especially in the last
few decades of the 20th century, to a sharp rise in
greenhouse gas emissions (Fig. 2). Thus, the
methods of energy production that had been
developing in the 19"-20" centuries largely
promoted anthropogenic climate change, in
particular global warming.

As seen from the structure above (Tab.), the
main energy sources are fossil fuels — oil, natural
gas coal (94% of total electricity output in Russia
and ca. 65% of the electricity produced around
the globe), whereas the proportion of environment
friendly resources is no more than 1.5% both in
Russia and in the global economy in general
(Climate changes..., 2004). Meanwhile, the
technology for energy generation from fossil fuels
is far from being optimal in terms of resource
saving and harmful emissions. See, for instance,
Fig. 3, portraying the process chain for electricity
generation at a heat power plant and its transfer to
the end user. Of the one watt of energy that can be
potentially derived from coal combustion, the
consumer gets only 0.015 kW, i.e. 1.5% of the
fuel’s energy potential. The rest 98.5% are wasted
in emissions at combustion, mechanical losses in
the turbine and generator, and in losses as
the electricity is transmitted to the consumer by
wires.

SOURCES USED FOR ELECTRICITY PRODUCTION IN
RUSSIA AND IN THEWORLD AT LARGE, %

Source Russia (2005) Globe (2000)
Qil 29 9.3
Natural gas 51 17.5
Coal 14 37.8
Nuclear power 3 15.8
Hydropower 1.5 18.2
Other 1.5 1.4
Total 100 100
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The alternative is to change the structure of
energy production profoundlytowardsdevelopment
of technologies based on renewable sources as
soon as possible (Climate changes..., 2004).

Wind energy

Most coastal zones and islands of seas, oceans
and large lakes possess substantial wind resources.
Seasonal fluctuations of wind velocity and their
maximal values are now the main factors limiting
the development of this source of energy. Most
modern wind power units are designed to operate
at wind velocities of 4-30 m/sec.

Solar energy

Direct solar radiation is mostly used for heating
(water heating in helio-collectors, house heating).
Many methods have already been developed to
capture, concentrate and convert solar energy.

Solar panels

The coefficient of efficiency of modern solar
panels (SP) is only 10-15%, the cost of solar cells
being rather high. (SP efficiency can be checked in
a simple experiment described in the Annex). Sp
efficiency drops sharply at lower illumination,
cloudiness, and at nighttime.

Wave energy

The world ocean’s wave power is estimated at
2.7 bin. kKW, which equals 30% of the energy
consumed globally. Technologies for utilization of
wave power in shelf areas have been developed
and are in small-scope use. One of such
technologies is electricity production at tide-driven
hydropower plants.

Biomass and biogas

The energy released through processing of
various kinds of biomass is called bioenergy. Global
annual biomass increment is about 130 bin. tons of
dry material, which can be converted into ca.
660 000 TWh of bioenergy. Biogas forms during
fermentation of organic fertilizers, domestic and
industrial wastes.  Application of biogas
technologies in processing of organic wastes
would not just eliminate the related environmental
hazard of methane emission, but also vyield
additional 95 min. TCE (or ca. 190 bin. kWh of
electricity from biogas combustion), plus over 140
mln. tons of very effective fertilizers.

Integrated sources

A technology of high interest is integrated
systems of energy generation from renewable
sources. E.g., joining a windmill and a solar panel
into one unit, one can get electricity both in still



sunny weather, on windy overcast days, and at
nighttime. The example in Fig. 4 is the low-output
integrated installation in the village of Sigovo
(Zaonezhje Peninsula).

The main barriers on the way towards wide use
of renewable energy sources and energy-saving
technologies in Russia are, i.a. (Climate change ...,
2001):

— unbalanced pricing of organic fuels;

— relatively high cost of specialized equipment
utilizing renewable energy sources, mostly because
of small-batch production;

—lowaccessforthe general public to information
on renewable energy technologies;

REFERENCES

Climate Changes and Energy. Russia’s Potential of
Energy Efficiency and Renewable Energy Sources.
Moscow: Eco-Soglasije, 2001. 55 p. [in Russian]

Climate Change: Challenges and Solutions.
Textbook. Murmansk, 2004. 32 p. [in Russian]

Speranskaya O. Global warming: proven by scientific
facts // Climate Changes and Energy. Russia’s Potential of
Energy Efficiency and Renewable Energy Sources.
Moscow: Eco-Soglasije, 2001. P. 7-9 [in Russian].

Climate Change 2001: Mitigation. Contribution of
Working Group Il to the Third Report of the
Intergovernmental Panel on Climate Change / Eds.

— lack of support to development of alternative
energy at the national and regional levels, namely
from law-makers;

— low awareness of the possibilities and benefits
of utilization of renewable energy sources among
managers and entrepreneurs, as well as people in
urban and rural areas.

Overcoming these barriers one would first
stabilize, and then reduce human impact on
natural ecosystems at the local, regional and
global levels. We must not forget that the
humankind is responsible for global warming, and
that sustainability of the planet also depends on
people.

B. Metz etal. 2001. Publ. IPCC, Cambrige Univers. Press.
752 p.

Photovoltaic Pyranometer for the measurement of
solar radiation (User’s guide). SolData, Denmark, 2003.
17 p.

Rydén L., Migula P., Andersso M. Environmental
Science. Understanding, protecting, and managing the
environment in the Baltic Sea Region. A Baltic University
Publication. Aimqvist & Wiksell Tryckeri Print., Uppsala.
2003. 824 p.

World Resources 1998-99. A Guide to the Global
Environment. Environmental Change and Human Health
/ Ed. M. S. Swaminathan et al. New York: Oxford Univ.
Press Ltd., 1998. 369 p.

APPLICATION

We made measurements with the solar panel
4SB-6 made up of four SB-6 cells, the pyranometer
SolData (Fig.), and the digital voltammeter DT-709.

The algorithm for the measurements and
calculation of the solar panel coefficient of
efficiency is the following.

First, the total area of the solar panel crystals S,
is determined, expressed in m2.

The solar panel and the pyranometer are
installed perpendicular to incident radiation; this is
best achieved by fixing the pyranometer and the
solar panel on the same plate.

Thevoltammeteris connectedtothe pyranometer,
and millivoltage Uy, is measured. The calibration
factor K for conversion from voltage to the power of
incident solar radiation is indicated in the certificate
of each SolData pyranometer. K factor for the piece
we used equaled 131 mV/(KW/m?).

Then, apply the formula

Pso = 1000 - K- Uy,
to calculate the solar radiation power (W/m?). The
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value of P indicates how much solar energy falls
on 1 m? of the surface. Since the area of our solar
panel S,, does not equal one square metre, the
power P, falling on the actual area of the panel has
to be determined:

PSOL.1 = PSOL' Ssa’
as mentioned above, the area Sg; should be in m?2,

The voltammeter is then connected to the solar
panel, and voltage U, (in volts) and current I, (in
amperes) are measured. The corresponding
electric power P, (in watts) produced by the panel
at this radiation is

PSB = Usa' ISB

The coefficient of efficiency ng, — the descriptor
of the efficiency of this type of solar panels, is
calculated by the formula

Nes = PSB / PSOL.1'1OO%'

Practical measurements carried out at the
Calypso eco-camp (Vodlozersky National Park) in
the summer of 2008 proved the efficiency of the
4SB-6 panel to be rather low, ca. 11-15%.





